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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
micrometer (Lm) 00394 inch
millimeter (mm) 0.0394 inch
centimeter (cm) 0.3939 inch
meter (m) 3.281 foot
kilometer (km) 0.621 mile
Area
square meter (m2) 10.76 square foot
square kilometer (km?) 0.386 square mile
hectare (ha) 2.47 acre
Volume
milliliter (ml) 2.65x 104 gallon
cubic meter (m3) 35.31 cubic foot
liter (L) 0.264 gallon
liter (L) 3,53 x 1072 cubic foot

Hydraullic conductivity

meters per second (m/s) 2.835 x 10° feet per day
Pressure
kilopascal (kPa) 0.145 pounds per square inch
kilopascal (kPa) 0.3345 feet of water

Chemical concentration

milligrams per liter (mg/L) 1 parts per million!
micrograms per liter (ug/L) 1 parts per billion
Temperature

degree Celsius (°C)(9/5 °C) + 32degree Fahrenheit (°F)

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of
1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment of the first-order level nets
of the United States and Canada, formerly called Sea Level Datum of 1929.

! Milligrams per liter approximately equal parts per million when dissolved-solids concentration is
less than about 7,000 milligrams per liter,
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Study Plan for a Field Experiment to Investigate the Effects of
Low-level Radioactive Waste Burial on Flow of Water Through
a Saturated, Clayey Till at West Valley, New York

By Richard M. Yager

ABSTRACT

Burial of low-level radioactive waste below the
zone of weathering in saturated, fine-grained sedi-
ments has been considered as a disposal option for
humid areas, where the abundance of precipitation
precludes burial in the unsaturated zone. The use of
this disposal option in the United States requires a
diffusion-dominated flow system to allow sufficient
time (500 years) for the principal radionuclides in
the waste to decay to harmless levels. Little infor-
mation is available, however, to predict whether this
disposal method could allow fractures to develop
within the host material or the grout that seals the
excavation; such fractures could provide pathways
for advective transport from the waste to land sur-
face. In the proposed study, a hollow steel cylinder
(monitoring caisson) would be placed within an
augered hole in clayey till near West Valley, N.Y,, to
simulate a full-scale disposal container, so that the
effects of excavation, burial, and sealing on the
movement of water through the saturated, fine-
grained host material can be investigated.

The host material is a thick, clayey till at a site
that has been well documented by previous studies.
The till is unweathered at depths below 5 meters (m)
and has a hydraulic conductivity of 2 to 6 x 10710
meters per second. The hydraulic conductivity is an
order of magnitude higher near land surface, where
the till is weathered and contains oxidized fractures.
Flow through the unweathered till is downward and
is estimated to range from 3 to 23 millimeters per
year.

Physical and hydraulic properties of the till will
be determined, and zones dominated by advection or
diffusion will be delineated. The depth of advective
transport, assumed to correspond to the depth of frac-
turing, will be measured (1) through direct observa-
tion of fractures in excavations, (2) from concentra-
tion gradients of tracer dyes along vertical profiles,
and (3) seasonal fluctuations in pore pressure. Core

samples obtained during drilling of horizontal bore-
holes at selected depths in a research trench will be
analyzed for tritium to identify recent (post-1960)
recharge, which would indicate the presence of high-
angle fractures. The diffusion-dominated part of the
flow system will be identified from the zge of pore
water, which will be estimated through ¢ comparison
of oxygen-18 and deuterium concentration gradients
measured in the till with those computed by the
advection-dispersion equation.

The monitoring caisson will be 1.8 r in diam-
eter and 20 m high and will contain moveable steel
platforms to provide access to all depths within the
caisson. The annular space surrounding the monitor-
ing caisson will be sealed with layers of three differ-
ent grout mixtures selected on the basis of laboratory
studies. Both cement and bentonite grouts will be
used to determine the most effective sea'ing proper-
ties for the installation. Instruments placed in the
grout surrounding the caisson will record changes in
stress that result from hydration of the grout during
curing and upon infiltration of pore water from the
adjacent till.

Hydraulic conductivity of the till/grout interface
will be estimated from constant-head injection tests
in sand layers within each grout layer; large flow
rates will indicate flow along the interface. A tracer
solution containing an electrically conductive solute
and dye will be injected into the sand layers to delin-
eate preferential flow paths along the interface. Leak
sensors triggered by the presence of a conductive
fluid will be monitored to locate flow paths, and a
coring tube will be driven through the area of sus-
pected flow to obtain a sample of the till/grout inter-
face for inspection and chemical analysis. Pore
water will be extracted from this sample to determine
the aqueous chemistry of the till and grot within the
interface region, and thin slices of the sample will be
analyzed to determine the mineralogy of the solid
phases.
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INTRODUCTION

The Low-level Radioactive Waste Policy
Amendments Act of 1986 requires that the Iow-level
radioactive waste generated within each State be dis-
posed of either within the borders of that State or in
a host State under an interstate compact. Current
methods of low-level radioactive-waste disposal in
the United States typically use shallow burial
trenches. Although the best locations for these dis-
posal sites are in dry environments, where the lack of
precipitation and the thick unsaturated zone mini-
mize the movement of water through the waste mate-
rials, disposal sites probably will become necessary
in humid regions as well.

Previous disposal practices in humid regions have
included trenches that were excavated in deposits of
fine-grained, relatively impermeable sediments
(Prudic, 1986). Such trenches at many sites were
excavated within the upper, weathered zone of the
deposit, but precipitation that infiltrated some of the
earthen trench covers could saturate the waste materi-
als, then flow out of the trenches through the backfill
and along fractures in the weathered sediments, carry-
ing radionuclides with it toward nearby creeks.

An alternative waste-disposal option for humid
regions is burial below the zone of weathering in
deeper, saturated, fine-grained sediments with suffi-
ciently low permeability that the only mechanism by
which radionuclides can migrate is diffusion. This
option requires that diffusion remain the dominant
mechanism for 500 years to prevent migration of
radionuclides before they decay to harmless levels
(U.S. Nuclear Regulatory Commission, 1986). Three
conditions must be met to ensure that radionuclides
do not migrate from the site before decaying suffi-
ciently:

1. The host material must (a) be sufficiently imper-
meable to prevent advective transport (leaving
diffusion as the dominant transport mechanism),
and sufficiently thick to provide long ground-
water traveltimes, and (b) contain no fractures or
other paths for advective transport between the
waste and land surface.

2. The waste must be encapsulated in a suitable grout
to prevent infiltration of ground water and leach-
ing of radionuclides from the waste.

3. The disturbance caused by excavating the host
material and sealing the disposal container must
not alter the properties of the host material nor

allow pathways for advective flow to form
between the waste and land surfa-e.

Three studies have characterized deposits of
unweathered, fine-grained clayey sediment in
Saskatchewan, Ontario, and New York; at all three
sites, diffusion appears to be the dominant transport
process, and permeability is less thas 10 m/s, which
results in ground-water-flow rates of only a few
millimeters per year (Keller and oth-rs, 1988;
Desaulniers and others, 1981; Prudi~, 1986). Little
information is available, however, to indicate whether
the disturbance resulting from proposed burial proce-
dures could cause the host material or the grout used
to seal the excavation to develop fra-tures that would
serve as pathways for advective transport from the
waste to land surface.

Objectives of Study

The objective of this study is to evaluate the
effects of burying and grouting a 1.8-m-diameter, 20-
m-high waste container on the movement of pore
water through the host material and the grout within a
clayey till deposit 28 m thick. The study will (1)
record changes in the ground-water-flow patterns that
result from the excavation and sealirg of a subsurface
monitoring container similar to one currently used for
storage of radioactive waste in Onta-io, and (2) inves-
tigate the resulting physical and chemical changes in
the host material and grout that could alter the natural
flow system.

Approach

Previous studies by the U.S. Genlogical Survey
(USGS) indicate that the thick, clayey till near West
Valley, N.Y., 40 km south of Buffaln, in Cattaraugus
County (fig. 1), would provide a suitable location for
a field experiment to investigate the potential effects
of waste burial on the movement of water through sat-
urated, fine-grained sediments and the grout used to
seal the excavation (Prudic, 1990). Anempty 1.8- x-
20-m steel cylinder (monitoring caisson) will be
placed within an augered hole in the till to simulate a
full-scale disposal container, and th= annular space
surrounding the caisson will be sealed with layers of
differing grout materials for comparison of their seal-
ing properties. Field experiments will be conducted
from inside the caisson and from the walls of a nearby
excavated trench to define the hydraulic and fracture
characteristics of the host medium.

2  Study Plan to Investigate Effects of Radioactive Wasta Buriai on Water Movement Through Till at West Vailey, New York



















































water flowing through cracks that form saturates the
bentonite and causes it to swell, closing the cracks.

The properties of bentonite grout are largely
determined by its water content and porosity. As air-
dried bentonite becomes saturated, water enters the
space separating adjacent clay-mineral layers,
increasing the volume of clay aggregates within the
grout. If the grout is confined and cannot increase in
volume, the swelling of the clay aggregates decreases
the porosity and thereby decreases its permeability.
Once the porosity is decreased, additional swelling
develops pressure that prevents formation of cracks.
Specifying the initial water content and desired
degree of consolidation can control the amount of
swelling and the magnitude of swelling pressure gen-
erated by saturation.

Compacted bentonite grout was used to seal
boreholes at the Underground Research Laboratory
(URL) in Pinawa, Manitoba, with a 1:1 mixture of
bentonite and silica sand at a moisture content of 17
to 19 percent (Kjartanson and others, 1991). In the
proposed USGS study, however; the use of compac-
tion tools to consolidate the bentonite mixture will be
made difficult by the small size of the annular space
surrounding the monitoring caisson (0.3 m). One
alternative would be to confine the grout mixture
beneath a layer of cement grout to prevent swelling
as the bentonite mixture slowly becomes saturated by
inflow of water from the till; another would be to add
compacted bentonite pellets to the grout mixture to
increase the swelling pressure and lower the perme-
ability.

Monitoring Changes in the Level of Stress

Drilling the large-diameter borehole and emplac-
ing the monitoring caisson will alter the natural state
of stress in the till. Stress changes are borne by the
matrix of particles that form the till and by the fluid
that occupies the pore spaces between the particles.
Changes in the total stress, ¢, result in changes in
effective stress (67) applied to the matrix, and
changes in pore pressure (p) applied to the fluid
according to the following relation:

C=C"+p (3)

Changes in the state of stress will be recorded by
instruments (1) placed in the till before excavation of
the augered borehole, and (2) embedded in the grout-
filled annulus surrounding the monitoring caisson.

Removal of till during excavation of the bore-
hole will alter compressive and tensile loads on the
surrounding till, and the resulting deformation of the
till will result in displacement toward the borehole
and negative pore pressures. Converse'y, the weight
of the grout in the annular space surrounding the
monitoring caisson, and the volumetric changes asso-
ciated with hydration, will place compressive loads
on the till that could increase the pore pressures.

Deformation of the till will be measured with dis-
placement indicators, including (1) a monument
survey and settlement plates to detect vertical dis-
placement, and (2) slope indicators to ¢etect horizon-
tal displacement. The monument survey will be
conducted before and after excavation of the augered
hole, and the slope indicators will be installed before
excavation. Pore pressure in the till will be measured
with pressure transducers installed in n2arby piezom-
eters constructed for the site characterization.

Volumetric changes in the cement grout during
hydration will be measured with strain gages. The
magnitude of the resultant stress will b> measured
with stress meters to record total stress and with pres-
sure transducers to record pore pressure. Thermo-
couples will be used to measure the temperature of
the cement grout during hydration and to determine
when the hydration reactions are comp'ete. This
instrumentation was used to monitor hydration of
concrete grout in borehole seals at the WIPP in New
Mexico (Stormont, 1987).

Saturation of the bentonite grout with water from
the till will be determined from change- in water
content and water potential (negative pare pres-
sure). Water content will be measured with time-
domain reflectometry probes, and wate~ potential
will be measured with thermocouple psychrometers
at water potentials of less than -70 kPa (-10 1b/in?)
and pressure transducers at higher pote~tials (near
saturation). The swelling pressure resulting from
hydration of the bentonite will be measured with
stress meters. This instrumentation has been used to
monitor hydration of bentonite grout in borehole
seals at the URL in Manitoba (Kjartanson and others,
1991).

Movement of Water Along the Till/Grout Interface

Previous studies have identified the interface
between cement grout and clay soils as the most
probable pathway of radionuclide migration from
waste buried in augered holes within szturated
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sediments (Vorauer and Chan, 1988). Hydraulic tests
of borehole seals have also indicated that the limiting
factor in seal performance is the hydraulic conductiv-
ity of the interface between the seal and the rock
mass (Daemen and others, 1986; Peterson and others,
1987). Sealing this interface is essential to minimize
advective transport.

Possible mechanisms for the formation of path-
ways for advective transport along this interface
include: (1) deformation of the till in response to
emplacement and sealing of the monitoring caisson,
(2) formation of flow channels within the hydrated
grout, and (3) alteration of till or grout properties in
response to changes in water content and chemical
reactions. The first of these mechanisms, deforma-

/Borehole

Direction of

displacement
: in till
-

}

A. Excavation of borghole

/Moniton'ng casson

Direction of
displacement
in till

=4 ‘Expansion
{ of grout

B. Hydration of grout

Potential gap at
routAill interface

/?as in figure 14)

Direction of
displacement
in till

C. Cooling of grout NOT TO SCALE

Figure 13. Causes and mechanisms for gap formation
along the till/grout interface.

tion of the till, could result from char ges in the state
of stress in response to (1) the excavation process,
and (2) hydration of the grout. An inelastic response
of the till to these changes could cause a gap at the
till/grout interface (fig. 13). The second mechanism,
formation of channels along the interface during
hydration of the grout, could result from either dif-
ferential settlement in cement grout (piping) or non-
uniform saturation of bentonite grout. The third
mechanism, alteration of till or grout properties and
subsequent development of cracks, could result from
desiccation of the till near the borehcle wall after
excavation. Cracks also could form in the till or
grout in response to volumetric chanzes induced by
dissolution or precipitation reactions involving pore
waters exchanged by the grout and ti™.

The maximum hydraulic conductivity of the
till/grout interface will be estimated through con-
stant-head injection tests in which water will be
injected into the sand layer within ea~h grout layer
(fig. 14). The water will be injected simultaneously
through four to eight injection ports to create radial
flow within each sand layer. The tests will be
repeated over a range of injection heads, and each
test will continue for several days or weeks, depend-
ing on the injection rate. Pore pressures in (1) the
injection interval, (2) the sand layers above and
below the injection interval, and (3) the till, will be
measured during the tests.

If pressures increase in adjacent sand layers, or
if more water is injected than could enter the till or
grout naturally, flow along the till/grout interface
will be assumed. A tracer solution containing an
electrically conductive solute and dye will then be
injected into the sand layer, and sensors that are
triggered by the presence of a conductive fluid will
be monitored during the test to locate the flow path.
A coring tube will then be driven through the area
of suspected fiow to obtain a sample of the till/grout
interface for inspection and chemica' analysis.

Chemical Alteration of Till and Grout

Chemical reactions between the till and the
cement and bentonite grouts could al*<r the mineral-
ogy. The till consists primarily of quartz and illite
and contains calcium bicarbonate-type pore water
with a dissolved solids concentration of less than
1,000 mg/L and a pH of 7 to 8 (Prudic, 1986). The
cement grout is an assemblage of hydrated calcium
silicates and calcium aluminates that is highly

20 Study Plan to Investigate Effects of Radloactive Waste Burial on Water Movement Through Till at West Valley, New York


































































